Introduction
Upper respiratory tract infections are common and important diseases with low mortality but high morbidity rates (1) . Acute tonsillopharyngitis is one of the most common respiratory tract infections (2) . Although the cause of acute pharyngitis in the majority of patients is viral, approximately 5%-17% of cases have a bacterial causative agent, β-hemolytic streptococci being the most common ones (3) . Group A β-hemolytic streptococcus (GABHS), namely Streptococcus pyogenes, is responsible for almost all bacterial tonsillopharyngitis cases. Other rare bacterial causes of pharyngitis, such as Group B, C, and G β-hemolytic streptococci, Acranobacterium haemolyticum, Neisseria gonorrheae, Corynebacterium diphteriae, and Fusobacterium necrophorum, can also be observed. According to US and UK guidelines, antibiotic treatment is recommended only for GABHS pharyngitis (4, 5) . Throat cultures are currently considered to be the 'reference standard' for the diagnosis of streptococcal pharyngitis (6, 7) . Rapid streptococcal antigen testing is also widely used for the diagnosis of GABHS pharyngitis, especially in the pediatric age group. Acute tonsillopharyngitis can initiate an immunologic process that can result in sequelae such as acute rheumatic fever and acute glomerulonephritis. Antibiotic treatment reduces the risk of complications, the duration of symptoms, and the spread of the disease (8) (9) (10) . Incidence of GABHS varies due to several factors like socioeconomic status, geographic region, and the season (11) (12) (13) (14) (15) .
Because throat culture is time-consuming and relatively expensive, an attempt was made to develop certain criteria that will lead to appropriate antibiotic use without the need for throat culture (16) . The Centor score was developed as a result and it is recommended by guidelines as a decision aid for empirical antibiotic use. In 1980, Centor et al. developed four criteria to predict the probability of GABHS pharyngitis in adults (17) . When all four criteria (swollen, tender anterior cervical lymph nodes; fever >38.5 °C; the presence of tonsillar exudate; and the absence of cough) are present, the probability of GABHS is just above 50%. When two or fewer criteria are present, the probability is below 15%. Hence, Centor criteria are often used as a tool to assess the absence of GABHS, rather than its presence (3) (4) (5) . McIsaac et al. developed modified criteria where the score ranged from 0 to 4 and the age of the patient was also included (+1 if age is 3-14 years, 0 if age is 15-44, and -1 if age is ≥45), taking into account the fact that GABHS is more prevalent in the age group of 5-15 years (6-10).
Still, several studies have shown that signs and symptoms, neither separately nor combined as prediction rules, were not reliable enough to distinguish between GABHS pharyngitis and non-GABHS pharyngitis (18) . In the UK, the National Institute for Health and Clinical Excellence (NICE) recommends that clinicians consider immediate treatment with antibiotics for patients who have three or more Centor criteria (19) .
Mistik et al. defined the Mistik score for rapid diagnosis of viral sore throat. The predictive model for positive viral analysis included the following variables: absence of headache, stuffy nose, sneezing, temperature of ≥37.5 °C, and tonsillar exudate and/or swelling. The probability of a positive viral analysis for a score of 5 was 82.1%. They suggested its use either alone or in combination with the modified Centor score (20) .
The aim of our study was to analyze whether the Centor score and routine laboratory test results would be useful in the diagnosis of GABHS pharyngitis.
Materials and methods
We planned our study as a retrospective cohort study. The patient cohort was defined as the patients diagnosed with exudative tonsillitis at the Internal Medicine and Ear-Nose-Throat outpatient clinics between 15 February 2010 and 25 August 2015 in a 300-bed teaching hospital in İstanbul, Turkey. Inclusion criteria were to be within the age range of 16 to 70 years and diagnosed with exudative tonsillitis. Exclusion criteria were to be outside of that age range and using antibiotics at the time of the outpatient visit.
After receiving the approval of the local ethics committee, files were screened and all patients diagnosed with exudative tonsillitis, being 493 females and 406 males, in total 899 patients with mean age of 23 ± 7 years, were included. All patients were tested for GABHS by throat culture, the swabs of which were taken by a doctor with the standard procedure and sent to the microbiology laboratory where they were inoculated on 5% sheep blood agar and incubated at 37 °C overnight. Before incubation, a sinking technique was applied to several inoculated areas to observe increased beta-hemolysis, and bacitracin (0.04 U, Sigma) and SXT (trimethoprim, 1.25 µg, plus sulfamethoxazole, 23.75 µg; Sigma) disks were placed on the plate to observe the presence of the inhibition zones. After incubation for 24 h and, for the plates found negative at 24 h after total incubation of 48 h, the growth of small colonies with a large β-hemolytic zone and enhanced hemolysis at sunken areas together with the presence of an inhibition zone around the bacitracin disk and the absence of inhibition around the SXT disk confirmed the growth of GABHS. Although some other bacterial causes were also determined, they were not included in statistical comparisons of clinical and laboratory characteristics of the patients; only the patients having positive GABHS culture results and non-GABHS cases were compared.
The clinical characteristics recorded were the presence of painful cervical lymphadenopathy, fever of >38. The clinical and laboratory data were compared between two groups statistically using the chi-square test. The arhythmical means with standard deviation were also calculated. The significance value was determined by choosing alpha as 0.01.
Results
Among the patients fitting the inclusion criteria, being 899 in number (493 females and 406 males), 56 (6.2%) were positive for GABHS, while 34 (3.8%) had bacterial causes of tonsillitis other than GABHS (Group C and G β-hemolytic streptococci, Acranobacterium haemolyticum and Fusobacterium necrophorum). There was no statistically significant difference in sex in the GABHS group (26 females and 30 males, P < 0.01). Furthermore, 809 (90%) patients were found negative for any bacterial cause and these were accepted as non-GABHS cases.
The clinical and laboratory characteristics of the two groups are presented in the Table. Among clinical characteristics compared, a Centor score of 3 or greater, the presence of exudative tonsillitis, and the absence of cough were found significantly different. The presence of fever and cervical lymphadenopathy, although more frequent in the GABHS group, was not statistically significant.
In laboratory results, having a CRP value of greater than 5-fold normal upper reference value and the presence of neutrophilia and lymphocytopenia were found significantly different between the two groups compared. The presence of leukocytosis and high MPV and PDW values were not significantly different between GABHS patients and non-GABHS tonsillitis patients.
Discussion
GABHS is accepted to be the most important pathogenic bacterium that causes acute exudative tonsillitis because of its sequela and complications. Tonsillopharyngitis due to streptococci is a potentially serious disease as it can cause suppurative complications like rheumatoid valvular heart disease and acute glomerulonephritis. As a result, rapid diagnosis and adequate treatment are necessary (1, 2) . For 50 years, the fundamental test has been throat swab culture. It detects 90%-99% of positive cases and is accepted as the gold standard in GABHS diagnosis (2, 21) . Rapid streptococcal antigen testing is a reliable method for diagnosis and immediate treatment. It was shown that the sensitivity and the positive predictive value of rapid streptococcal tests are quite lower in adult patient groups than the pediatric age group (22) . Although throat culture is a routine procedure for the diagnosis of bacterial pharyngitis in adults, rapid antigen testing is not always ordered in our hospital and those data were not included.
GABHS incidence in upper respiratory tract infections differs between populations. Those differences are due to socioeconomic changes, regions, seasons, and many other factors. Prevalence of acute tonsillopharyngitis due to GABHS was reported to be approximately between 5% and 40% all around the world (2, 12, (23) (24) (25) . Estimates of carrier state in GABHS infection range between 2% and 40%. Those carriers are important reservoirs for the spread of infection all around the world (1,12,14,15 ).
Brunton and Pichichero reported that pharyngitis in adults consists of 30%-65% idiopathic, 30%-60% viral, and 5%-10% bacterial cases, and they declared GABHS infection rates to be 15%-36% in children and 5%-10% in adult cases in the United States (26) .
Besides culture, the Centor criteria were described for clinical diagnosis of GABHS tonsillopharyngitis; these criteria were found to be more useful in adult patient populations than children (17, 27) . McIsaac et al. strengthened the Centor criteria with some modifications and Mistik et al. proposed some parameters for the diagnosis of viral pharyngitis (8, 9) .
In our study, besides evaluation of the usefulness of Centor scoring in our patient population, we also aimed to determine the laboratory tests that can be used for differentiation between tonsillopharyngitis due to GABHS and non-GABHS causes. In our group of patients with tonsillopharyngitis due to GABHS, we found a greater percentage of high Centor scores in comparison with non-GABHS pharyngitis group (83.2% in the GABHS group and 47.7% in the non-GABHS group, P < 0.01). Among the Centor criteria, the presence of tonsillar exudate and the absence of cough were found to be most significant for the use of differentiation from viral infections.
Leukocytosis was not found to be a significant parameter among laboratory tests evaluated, while neutrophilia as found to be significantly more frequent in GABHS cases than non-GABHS cases (93.3% vs. 76%, P < 0.01) and lymphocytopenia was more frequent in GABHS patients (67.8% vs. 48%, P < 0.01). CRP increases when there is inflammation throughout the body. In our study, the patients with 5-fold increase of CRP were compared with the rest but the other causes of CRP increase were not investigated. CRP was found to be high in significantly more patients in the GABHS group than the non-GABHS cases group (94.6% vs. 77.9%, P < 0.01). Taking into consideration that when low-level increases in CRP are included , it would be difficult to obtain meaningful results, we defined high CRP as a CRP value that 5-fold the normal upper reference value and a significant difference was found between GABHS and non-GABHS cases.
Recent studies revealed the association between platelet indices (PLT, MPV, and PDW) and inflammation (28) . We analyzed MPV and PDW values of our patients for a possible relationship but no significant result that would be useful for the differentiation between GABHS tonsillopharyngitis and non-GABHS pharyngitis was found.
In conclusion, for the differential diagnosis of streptococcal and viral throat infections in adults, a Centor score of 3 or greater was found to be a significant parameter, and in laboratory tests having CRP levels greater than 5-fold the normal value, neutrophilia and lymphocytopenia are good predictors of bacterial infection.
